Aims: The aims of this study were to identify the Fusarium isolates based on translation elongation factor (tef) 1a sequence, to determine the genetic diversity among isolates and species using selected microsatellite markers and to examine the pathogenicity of Fusarium isolates causing fruit rot disease of banana. Methods and Results: One-hundred and thirteen microfungi isolates were obtained from fruit rot infected banana in Peninsular Malaysia. However, this study was focused on the dominant number of the discovered microfungi that belongs to the genus Fusarium; 48 isolates of the microfungi have been identified belonging to 11 species of Fusarium, namely Fusarium incarnatum, Fusarium equiseti, Fusarium camptoceras, Fusarium solani, Fusarium concolor, Fusarium oxysporum, Fusarium proliferatum, Fusarium verticillioides, Fusarium sacchari, Fusarium concentricum and Fusarium fujikuroi. All Fusarium isolates were grouped into their respective clades indicating their similarities and differences in genetic diversity among isolates. Out of 48 Fusarium isolates tested, 42 isolates caused the fruit rot symptom at different levels of severity based on Disease Severity Index (DSI). The most virulent isolate was F. proliferatum B2433B with DSI of 100%. Conclusions: All the isolated Fusarium species were successfully identified and some of them were confirmed as the causal agents of pre-and postharvest fruit rot in banana across Peninsular Malaysia. Significance and Impact of the Study: Our results will provide additional information regarding new report of Fusarium species in causing banana fruit rot and in the search of potential biocontrol agent of the disease.
Introduction
Fruit rot is referred to the incidence of softening and deterioration of a fruit. Fruit rot can be grouped into two categories: field rot (infection occurred before harvest) and storage rot (infection occurred after harvest). There are some fungal species exclusively classified as field or storage rot pathogens, while others can cause rot in both field and storage. As there are multiple fungal species and other micro-organisms that can cause fruit rot, it is sometimes called as a 'disease complex' (McManus 2001) . Sangeetha et al. (2009) reported that fruit rot is categorized under postharvest disease type with the main causes come from fungal infection, physical injury and physiological disorders. In Malaysia, banana is one of the important and famous tropical fruits planted (Chai et al. 2004) . However, banana production has decreased because of an increasing threat of diseases (particularly bacterial and fungal infection). The fruit rot disease on banana associated with Fusarium species is one of the diseases that currently lacks attention and is not well acknowledged in Malaysia. Hence, this study was conducted to determine the occurrence of Fusarium species on fruit rot of banana in terms of their genetic diversity and pathogenicity.
Realizing that the information on diversity of Fusarium species associated with fruit rot of banana in tropical areas including Malaysia is insufficient. This study was therefore conducted to identify the isolated fungi based on molecular approaches and examine their genetic diversity using microsatellite markers. Phylogenetic tree is proposed to view their genetic relationships with other members of the same species, unlike species of the same genus and the out-group that belongs to other genera using sequences from the GenBank database. Besides, the phylogenetic analyses of DNA sequence data offer an occasion over which species restrictions to be explored, unknown isolates to be recognized, relationship between species to be identified and toxin profiles to be mapped from a species or group of species. These analyses should often carry out on well-characterized isolates where the isolates are prudently identified based on morphology first with proper descriptions on their specific information such as host and geographic origin, secondary metabolites produced and pathogenicity. The importance of preventing the misidentification of isolates is to avoid several discordances in classifying the schemes of fungal species, which can lead to the difficulty in determining consistent delimitation of species and confusing the true evolutionary relationships between species (Kristensen et al. 2005) .
To make the study more enlightening, the genetic diversity of isolated fungi is needed. Microsatellite primers-polymerase chain reaction (MP-PCR) technique is widely used to study the genetic diversity of different isolates of the same and different fungal species. It involves the use of single primer made from microsatellite sequence. Microsatellites are mainly made based on PCR and are known as inter-simple sequence repeat or MP-PCR (Wunsch and Hormaza 2002) . This method is considered modest, fast, effective and precise for interspecies studies (Billotte et al. 2001) . Moreover, as the past data of target species' genomic sequences are not required, which are highly supplemented for single locus microsatellite marker development, reduction in cost for finding single locus DNA microsatellite and high levels of polymorphism can be perceived even when the products of microsatellites amplification are determined on agarose gels without radioactive labelling (Arcade et al. 2000; Sankar and Moore 2001) .
The significance of this study is that it can provide the information on diversity of Fusarium species associated with fruit rot disease of banana and contribute to the development of regulatory policies for banana and related tropical fruits for biosecurity, phytosanitary and appropriate recommendations of disease control strategies. Thus, this study aimed to isolate and identify the isolates of Fusarium species based on tef-1a sequence and phenotypic analysis, to determine the genetic diversity among isolates and species of Fusarium using selected microsatellite markers and to examine the pathogenicity of Fusarium isolates causing fruit rot disease of banana.
Materials and methods

Sampling and fungal isolation
Banana samples with fruit rot symptoms were collected from various orchards and supermarkets in Kedah, Pulau Pinang, Perak, Selangor, Negeri Sembilan, Melaka, Johor and Pahang states in February until June 2015. Four samples displaying fruit rot lesion and black spot symptoms were collected in each location. The fruits were washed under tap water and surface-disinfected with 1% sodium hypochlorite for 5 min, and then rinsed with sterilized distilled water for three times and blot-dried using sterilized filter paper (Kouame et al. 2010) . Tissue segments containing symptomatic and asymptomatic area were cut with a sterilized scalpel and transferred onto potato dextrose agar with streptomycin. The plates were incubated at 26 AE 2°C. Fungal colonies appeared were subcultured and singlespored onto PDA. After that, the hyphal tip derived from a single spore was transferred onto a new PDA and incubated in 12/12-h dark and light photoperiod.
Fusarium species Identification
Phenotypic characterization All purified fungal isolates were tentatively identified as Fusarium species based on the colony macromorphology on PDA and microscopic characteristics on carnation leaf agar (CLA). Phenotypic features of Fusarium species such as types, colour of the mycelia and their pigmentation were observed. Meanwhile, conidial shapes, arrangement and conidiophores were observed on CLA and determined as described by Leslie and Summerell (2006) .
DNA extraction
Genomic DNA was extracted from 7-day-old cultures using the Ultra Clean â microbial DNA isolation kit (MO-BIO, Carlsbad, CA) according to the manufacturer's instructions. Fusarium isolates were classified into species based on tef1-a sequence analysis by amplification using primer pair of EF1 (5 0 -ATGGGTAAGGAGGACAAGAC-3 0 ) and EF2 (5 0 -GGAAGTACCAGTGATCATGTT-3 0 ). The size of tef1-a amplicon was about 700 bp (Geiser et al. 2004 ).
Amplification of tef1-a gene PCR amplification was performed using PCR master mix (Promega, Madison, WI) following the manufacturer's recommendations. The PCR mixtures were prepared in a total volume of 20 ll comprising of 19 PCR buffer, 0Á5 lM primer, 0Á2 mM of each deoxynucleotide triphosphate (dNTPs), 2Á5 mM magnesium chloride (MgCl 2 ), 0Á125 U GoTaq DNA polymerase and 20 ng DNA template (Promega Corporation, 2012) . The PCR amplification reaction was performed in a TProfessional Standard Thermocycler (Biometra Company, Biometra GmbH, Göttingen, Germany) with an initial denaturation at 94°C for 85 s, followed by 35 cycles of denaturation at 95°C for 35 s, annealing at 57°C for 55 s, extension at 72°C for 90 s and a single cycle of final extension at 72°C for 10 min (Promega Corporation 2012).
PCR product purification
The PCR products were gel electrophoresed on 1Á5% of agarose gel. (Tamura et al. 2013) .
Phylogenetic analysis
A phylogenetic tree was generated using maximum likelihood (ML) in MEGA 6.06. The bootstrap values for the ML tree were calculated for 1000 replicates to assess the stability and robustness of each branch of the phylogenetic tree (Linaldeddu et al. 2014) . 
Microsatellite analysis
The obtained banding patterns of all Fusarium isolates were compared by visual observation. The visible bands among isolates with the same migration distance were considered similar and scored as presence '1' or absence '0' among isolates. All the MP-PCR patterns were analysed using GENALEX software (Peakall and Smouse 2006) where the analysis of molecular variance (AMOVA) and binary haploid data were produced and used to construct a dendrogram by unweighted pair-group method with arithmetic averages (UPGMA) cluster algorithm using PAUP 4.0 software (Siddiquee et al. 2010; Abd-Elsalam et al. 2011; Bahkali et al. 2012) .
Pathogenicity test of banana fruit rot
Fungal inoculation
Single spores of the Fusarium isolates were grown on PDA and incubated for 5 days at 28 AE 2°C in 12/12-h dark and light photoperiod (Kouame et al. 2010) . The grown mycelia of Fusarium isolate were cut into small plugs using 5 mm diameter of cork borer (Kouame et al. 2010) . The pathogenicity test of isolated Fusarium species was performed under laboratory conditions. Healthy and fresh banana fruits (Lemak Manis variety) obtained from Beranang Farmer Centre, Selangor, were used for pathogenicity test. The replication of inoculated banana per isolate was four banana fruits. Attached banana fruits were rinsed using tap water surface-disinfected with 1% of sodium hypochlorite for 5 min, rinsed three times with sterilized distilled water and then air-dried in the laminar flow. The mycelia discs of all Fusarium isolates were individually inoculated on the fruit surface unless the fruits are used as control. The inoculated fruits were put in sterilized containers and covered with lid to avoid outside contamination. All fruits were incubated under the same conditions and daily observed for 7 days. The rate of fruit rot severity was calculated as a number and size of lesion in each banana hand (Abd-Alla et al. 2014). Fungus was re-isolated from the symptomatic area and cultured on PDA. The cultures plates were incubated from 5 days at 28 AE 2°C in 12/12-h dark and light photoperiod. Then, the cultures were observed for their morphological features of identification to fulfil Koch's postulates. This was performed to confirm the pathogenicity of isolated fungal species of Fusarium. All infected fruits were sterilized and disposed after autoclaving.
DSI and data analysis
The assessment of disease severity scale was observed each day after inoculation (dai). Disease severity was scored based on Disease Severity Index (DSI) scaled from 0 to 4 formulated by Amadi et al. (2009) with a slight modification for banana. The calculation formula for the DSI by Amadi et al. (2009) was utilized with slight modification. All collected data were analysed using Friedman test and Wilcoxon signed-rank test (P < 0Á05) from nonparametric tests to analyse the differences in disease severity of the inoculated samples and the control with IBM SPSS Statistics ver. 22 (IBM Corporation, New York, NY, USA).
Results
Amplification of translation elongation factor (tef-1a) gene and phylogenetic analysis of Fusarium species
All 48 isolates demonstrated a clear single-band amplification corresponding to the expected amplicon size of the tef-1a, 700 bp. There was no band observed in the control (C) reaction where it involves master mix with no gDNA added as in Fig. S1 . The sequence analysis of partial DNA sequence of their tef-1a region displayed the identification of isolates as Fusarium incarnatum (30 isolates), Fusarium solani (three isolates), Fusarium proliferatum (three isolates), Fusarium verticillioides (three isolates), two isolates of Fusarium oxysporum, and Fusarium sacchari, respectively, and a single isolate of Fusarium camptoceras, Fusarium concentricum, Fusarium fujikuroi, Fusarium concolor and Fusarium equiseti, respectively (Table 1) . Meanwhile, the Standard nucleotide BLAST search showed that the similarity percentages of the strains were ranged from 78% to 100%. Based on the generated phylogenetic tree of tef-1a sequence analysis, two main clades were formed. Clade I contains three subclades: A, B and C. Subclade A consists of all isolates of F. incarnatum, while subclades B and C consist of a single isolate of F. equiseti and F. camptoceras, respectively. Clade II contains another three subclades: D, E and F. Subclade D consists of isolates of F. solani, subclade E consists of a single isolate of F. concolor, while subclade F consists of isolates that belong to each species of F. proliferatum, F. fujikuroi, F. sacchari, F. verticillioides, F. concentricum and F. oxysporum. This clade is known as Gibberella clade, which was then further divided into respective groups, where F. oxysporum was located in section Elegans, while the F. verticillioides, F. proliferatum, F. fujikuroi, F. sacchari and F. concentricum were located in section Liseola (Fig. 1) . These groups in subclade F showed that the species are not closely related to each other as they are from a different Fusarium species complex.
Genetic diversity of Fusarium isolates based on selected microsatellite markers
Five of six selected microsatellite primers, (AG)7C, (CA) 7T, (CTG)5, (TCC)5 and (TAGG)4, produced clear banding patterns from all Fusarium isolates and one primer (TTTC)4 produced no band for all the Fusarium isolates even with the modifications made in annealing temperature. The sizes of the amplified DNA fragments produced were varied around 200-2000 bp (Fig. S2) .
Reliant on the banding patterns amplified by the five primers, primers (CTG)5 and (TAGG)4 were identified as the best fingerprinting primers for the Fusarium species isolates due to minor differences and consistency of the produced bands observed between all the isolates with respect to each Fusarium species banding profiles and are suitable for the interspecific comparison. Meanwhile, the most successful dinucleotide primer in terms of number of alleles produced by all the Fusarium species is (AG)7C with the total number of 458 alleles and the most successful trinucleotide primer is (CTG)5 with the total number of 447 alleles. This is because fungi genome is shorter than other higher organisms and the most common repeats were made up of these two motifs, which are dinucleotide and trinucleotide repeats compared to tetranucleotide repeat. Primer (AG)7C generated a high number of polymorphisms with 14 bands, followed by (CA)7T and (TCC)5 with 13 bands, respectively, and (CTG)5 and (TAGG)4 with 11 bands as recorded in Table 2 .
Two groups were formed in the dendrogram (Fig. 2) . A total 17 isolates belonging to F. incarnatum were clustered in the first group (I) with 52-63% of intraspecific similarity among them. Meanwhile, the second group (II) consists of more differentiation and subgroups made up of another 13 isolates of F. incarnatum, F. verticillioides, F. concolor, F. camptoceras, F. equiseti, F. sacchari and F. concentricum, F. proliferatum, F. oxysporum, F. fujikuroi and F. solani with 76-93% similarity for the interspecific comparison. The intraspecific comparison excluded F. concolor, F. camptoceras, F. equiseti, F. concentricum and F. fujikuroi as they only have single isolate.
The AMOVA indicated the variation within population and among population. The variation among population was 18% with 82% within population. This indicated that the genetic diversity within population is high according to the different localities. The locations were divided into three zones, namely north, central and south of Peninsular Malaysia. The percentage of polymorphic loci was specified based on populations. Central population possessed the highest polymorphic loci, which is 87Á10% while the south of Peninsular Malaysia displayed the lowest polymorphic loci with 61Á29%.
Pathogenicity test of fruit rot disease on banana
There was no growth of necrosis on the fruit epicarp on dai 1 and 2. On dai 3, the growth of white fungal mycelia was observed on few inoculated fruits with 6Á25-25Á00% DSI (31 isolates). More fruits were observed to be covered by the white mycelia while some of them start showing the symptom of fungal penetration into the epicarp causing blackish effect on the fruit skin allowing fungi to reach and settle in the flesh. This can be observed on the enlarged size of necrosis and occurrence of water-soaked proving the continuation of fungal infection. Majority of the banana fruits were moderately infected with 6Á25-68Á75% DSI (up to 42 isolates) on dai 4 and 5, while severe infection covered almost half of the fruits as shown in Fig. 3 on dai 6-7 with 6Á25-100% DSI. Few fruits were observed with spore mass appearance, while few others were observed with overwhelming condition where the necrotic tissues were squeezed, softened and decayed with a mass of fungal mycelia (six of 42 isolates with >80% DSI). The results showed that all Fusarium species have caused fruit rot symptom in different level of severity based on DSI except for F. solani (isolates B2385B and B2432B), F. oxysporum (isolate J2421B), F. sacchari (both isolates B2426B and B2427B) and F equiseti (single isolate B2361B).
The most virulent isolate was F. proliferatum (isolate B2433) with DSI of 100% and the less virulent isolate was F. incarnatum (isolates K2346, P2352, P2357 and A2360) with 6Á25% DSI at dai 7 as presented in Table 3 . The noninoculated controls showed no symptoms of fruit rot from dai 1 to 7. The results showed a significant difference, which is P < 0Á05 in DSI depending on which Fusarium isolate was inoculated on the fruits during 7 days of incubation period. Post hoc analysis with Wilcoxon signed-rank test was conducted for DSI at day 7 to observe the occurrence of differences. The DSI distributions are significantly different between inoculated and noninoculated (control) samples by P < 0Á05.
Discussions
This study provides information regarding the diversity of Fusarium species associated with fruit rot of banana. John et al. (1996) Zeng et al. (2013) identified nine species of Fusarium associated with fruit rot disease of banana, which are F. proliferatum, F. oxysporum, F. verticillioides, F. sacchari, F. semitectum (also known as F. incarnatum), F. equiseti, F. concentricum, F. camptoceras and F. solani. However, in this study, two other species were isolated and identified as F. concolor and F. fujikuroi. These two species were newly reported to be associated with fruit rot of banana worldwide as there is no report previously available regarding their association with the disease. In addition, based on the previous study conducted by Latiffah et al. (2012) , there are only four species recorded to be isolated from banana fruit in Malaysia, namely F. oxysporum, F. semitectum, F. solani and F. verticillioides, whereas the rest of seven species are the newly reported in Malaysia. Fusarium oxysporum is FOSC member, while F. verticillioides, F. proliferatum, F. fujikuroi, F. sacchari and F. concentricum are GFC members (Kvas et al. 2009; Hsuan et al. 2011; Watanabe et al. 2011; Kim et al. 2012; Nur Baiti et al. 2016) . Although F. verticillioides, F. proliferatum, F. sacchari, F. fujikuroi and F. concentricum are in the same section of Liseola, generated tree showed that five separated groups formed them.
The GFC is made up of three different clades known as Asian, American and African clades. Alternatively, 2346  2364  2365  2366  2347  2363  2352  2357  2437  2360  2436  2428  2355  2371  2374  2379  2382  2383  2403  2404  2405  2406  2410  2389  2393  2429  2390  2435  2400  2344  2358  2359  2348  2350  2361  2426  2427  2447  2396  2380  2421  2399  2433  2372  2362 F. verticillioides is from the African clade, while F. proliferatum, F. sacchari, F. concentricum and F. fujikuroi are from the Asian clade as stated in the previous study conducted by Jurjevic et al. (2005) and Kvas et al. (2009) . On the other hand, subclades D (F. solani) and E (F. concolor) in the Clade II have occurred singly without any further subgroup consortium. The same grouping pattern was also observed in Clade I which consists of three subclades: subclades A (F. incarnatum), B (F. equiseti) and C (F. camptoceras). These findings (Clade II) are consistent with the previous study conducted by Watanabe et al. (2011) reporting that F. oxysporum and the five Fusarium sp. in GFC are in the same clade (Gibberella) but in different sections of Elegans and Liseola (GFC), respectively. Then, F. solani was classified in sections Martiella and Ventricosum while F. concolor Reinking 1934 was described by Balmas et al. (2010) and O'Donnell et al.
(2012) as previous synonym of F. polyphialidicum (Marasas et al. 1988) . Fusarium concolor can be distinguished from other closely related species in section Gibbosum by its inability to produce urease enzyme (Ismail et al. 2015) . Fusarium incarnatum, F. equiseti and F. camptoceras were reported under the same clade as FIESC, yet these Fusarium species belonged to different section, where F. incarnatum and F. camptoceras are in section Arthrosporiella, while F. equiseti is in Gibbosum section. Many taxonomic studies based on morphological characteristics have reported that some 'sections' including closely related species share some 'synapomorphic' character states (Leslie and Summerell 2006; Nur Baiti et al. 2016) . Genotypic diversity and polymorphism between isolates of different Fusarium species causing fruit rot disease in banana were assessed using six well-established microsatellite primers for Fusarium species selected from latest previous study by Abd-Elsalam et al. (2011) and Bahkali et al. (2012) . Even though the tef-1a has been used successfully in identification of the Fusarium species, it is limited to evaluate or detect the genetic variation in each individual isolates that may lead to the discovery of the special traits due to different environment of their localities as explained in a study conducted by Ste z pie n et al. Karaoglu et al. (2005) , microsatellites in fungal genomes are less frequent, shorter than those in other taxa, and are predominated by mono-, di-and trinucleotides. Di-and trinucleotides are the longest microsatellites in fungal genomes; hence, they are the most widely used in population genetics study. However, analysis in this study revealed a high frequency of tetranucleotides and these results are in agreement with a previous microsatellite survey of the Fusarium species genome by Bahkali et al. (2012) .
The derived UPGMA-generated dendrogram based upon the MP-PCR fingerprinting data revealed genetic similarities. However, the genetic diversity occurred in the Fusarium species as the fungus was isolated from 
different localities as there were more differentiation and subclades formed for each species. This finding is in agreement with the previous study by Latiffah et al. (2012) , where adaptation to different environments may enhance the genetic variation of the fungus, which later may lead to different in toxigenic and pathogenic ability. Based on the UPGMA analysis, the Fusarium species was separated into two main groups. The 17 isolates of F. incarnatum were clustered separately from the other 13 isolates of the F. incarnatum. This result suggests that the variation exists between individuals/isolates due to different localities as the intraspecific similarity ranged from 52% to 76%. The AMOVA suggests that the genetic variation in the Fusarium isolates is highly structured by geographic origin and host. The difference of percentages between central and south populations may be due to different number of isolates for each population. Moreover, the particular geographic areas may be occupied by unique pathogen genotypes associated with the host coevolution and adaptation (McDonald 1997; Cannon et al. 2008) . In addition, the wind direction could be considered to cause migration and gene flow between populations, resulting in admixture among isolates from different geographic origin. The conidia of pathogen are able to spread over a long distance by wind and via the movement of infected fruits, as they are cosmopolitan in distribution (Farr et al. 2006; Freeman et al. 2013) .
The pathogenicity test was conducted to validate the causal agents of fruit rots of banana in storage. Based on the results, all Fusarium species were identified to cause fruit rot symptom at different level of disease severity except F. sacchari, which was previously reported by Leslie and Summerell (2006) to commonly cause important disease of sugarcane. In addition, it was firstly reported to be isolated from banana in the previous study conducted by Zeng et al. (2013) . Fusarium camptoceras, F. proliferatum and F. incarnatum were reported as the abundant species isolated from decay, rotten and banana fruit rot.
Fusarium incarnatum was usually recorded as an important plant pathogen to cause storage rot problems in mushrooms, bananas and other fruits, while in this study, it was also recorded as the most dominant Fusarium species isolated from the fruit rot of banana with all the isolates reported as pathogenic having different levels of virulence. Fusarium incarnatum was dominantly obtained due to its fast growth rate that might suppress the growth of colony of other species during fungal isolation process. Fusarium incarnatum was previously reported to be often associated with a disease complex, but it is seldom pathogenic and commonly known as either endophytes or saprophytes. Recently, there are several reports recognizing it as secondary invader of many plants or as weak wound pathogens that cause storage rot of many fruits including banana (Latiffah et al. 2012) . Leslie and Summerell (2006) suggest that F. incarnatum is a species complex where the variation in pathogenic ability exists between individuals. This assumption could be valid as well to the other species due to the amount of disease developed in the host plant determined by the interaction of three factors, known as highly virulent strain, susceptible plant host and favourable environmental condition.
All three isolates of F. proliferatum in this study recorded the highest DSI at day 7. This result is in agreement with the previous study where F. proliferatum has been mentioned as a producer of a wide variety of mycotoxins often at high levels including fumonisin, beauvericin, fusaproliferin, fusaric acid, fusarins and moniliformin. Fumonisin B 1 is the best-recognized and studied fumonisins. It can cause oesophageal cancer and birth defects in humans. Meanwhile, fumonisin B 1 is adequately thermostable, which the conservative heating during cooking or processing of food source does not extinguish the compound as reported by Leslie and Summerell (2006) .
In addition, most recorded Fusarium species were isolated from variety Cavendish, which is the most popular banana variety to be internationally imported. Therefore, there could be a high chance that the Fusarium isolates in this study may be because of fruit rot symptom on the variety Cavendish, hence affecting the quality and quantity of the imported fruits when arrived at the market and storage (Zeng et al. 2013) . Besides, the Fusarium isolates may infect other local banana varieties as this study used variety Lemak Manis for pathogenicity test. Fusarium camptoceras, F. proliferatum, F. concentricum (pathogenic) and F. sacchari (nonpathogenic) are the newly recorded to be associated with fruit rot of banana in Malaysia, while both F. concolor and F. fujikuroi (pathogenic) are the newly reported to be associated with this disease worldwide.
Conclusively, F. incarnatum, F. solani, F. proliferatum, F. verticillioides, F. oxysporum, F. sacchari, F. camptoceras, F. concentricum, F. fujikuroi, F. concolor and F. equiseti were successfully identified. Information on pathogen genetic diversity and population structure is important to understand the occurrence and potential of the pathogen populations to distribute and overcome host resistance in developing operative and competent disease management approaches. Areas of high biodiversity may oblige as a source for the appearance of new genotypes with different biological characteristics including changes in pathogen capability or resistance to certain fungicides. Figure S3 . Disease Severity Index (DSI) of banana fruits inoculated with Fusarium species isolates at day 7 after inoculation (dai).The graph showed the comparison of DSI means between the inoculated and noninoculated (control) fruits. The results showed a statistically significant different (P < 0Á05) between inoculated and noninoculated (control) fruits indicated with different letters. Fusarium proliferatum (B2433B, M2396B and M2399B) recorded the highest DSI percentage, hence, this shown that these isolates cause the most severe fungal infection on the banana fruits and there is no significant different between these three isolates in producing symptom of fruit rot disease on banana.
